Americans were almost twice as likely to develop gout as Caucasian donors (4.4 vs. 2.4%; adjusted hazard ratio, aHR, 1.8; 95% confidence interval (CI) 1.0-3.2). Post-donation gout risk also increased with older age at donation (aHR per year 1.05) and was higher in men (aHR 2.80). Gout rates were similar in donors and age-and sex-matched general nondonors (rate ratio 0.86; 95% CI 0.66-1.13). Compared to matched donors without gout, donors with gout had more frequent renal diagnoses, reaching significance for acute kidney failure (rate ratio 12.5; 95% CI 1.5-107.0), chronic kidney disease (rate ratio 5.0; 95% CI 2.1-11.7), and other disorders of the kidney (rate ratio 2.2; 95% CI 1.2-4.2). Conclusion: Donor subgroups at increased risk of gout include African Americans, older donors, and men. Donors with gout have a higher burden of renal complications after demographic adjustment. , we identified post-donation gout based on medical diagnosis codes or pharmacy fills for gout therapies. The frequencies and demographic correlates of gout after donation were estimated by Cox regression with left-and right-censoring. We also compared the rates of renal diagnoses among donors with and without gout, matched in the ratio 1: 3 by age, sex, and race. Results: The study sample of 4,650 donors included 13.1% African Americans. By seven years, African
Introduction
A decline in renal function results in less uric acid excretion and higher levels of serum uric acid [1, 2] contributing to a higher risk of gout in patients with chronic kidney disease (CKD) [3, 4] . To complicate this association, elevated serum uric acid levels have been implicated as a risk factor for the development and progression of CKD [4] [5] [6] [7] . A recent systematic review and meta-analysis found that hyperuricemia was an independent predictor of newly diagnosed CKD in the non-CKD population [5] .
Following donor nephrectomy, living kidney donors lose approximately 30% of their renal function [8] . Three previous studies have shown that serum uric acid levels commonly rise above pre-donation levels as early as 6 months after donor nephrectomy [9] [10] [11] . Recently, we found that living kidney donors from Ontario, Canada, were more likely to be diagnosed with gout compared to healthy matched non-donors (3.4 vs. 2.0%; hazard ratio 1.6; 95% confidence interval (CI) 1.2-2.1; p < 0.001) and were more likely to receive a prescription for a medication typically used to treat gout (3.8 vs. 1.3%; odds ratio 3.2; 95% CI 1.5-6.7; p = 0.002) over an average 8 years of follow-up [12] . One limitation of this study was the lack of available information on race/ethnicity. Since 75% of Ontario residents are Caucasian, these results may not be generalizable to non-Caucasian donors.
In the general population, African Americans have a higher risk of gout compared to Caucasians [13, 14] . One sub-study of the Atherosclerosis Risk in Communities (ARIC) study assessed 11,963 participants, of whom 24% were African American, and found that African American men and women had a higher risk of gout (assessed on the basis of self-reports of physician diagnoses) compared to Caucasians [14] . Among women, the adjusted hazard ratio for African American race was 1.7 (95% CI 1.3-2.2) while among men the adjusted hazard ratio was 1.9 (95% CI 1.4-2.6). African Americans had more risk factors for the development of gout including higher serum uric acid levels, higher prevalence of hypertension, and greater use of diuretics. Whether the risk of gout following living kidney donation varies by race is currently unknown.
While a decline in renal function post-donation may lead to hyperuricemia and a predisposition to gout, given the interplay between uric acid and renal function, it may be that hyperuricemia also contributes to renal disease post-donation. A recent single center study including 207 women found that, among female living kidney donors, a 60 μmol/l increase in pre-donation serum uric acid level was associated with a 1.7-times higher risk of >25% decline in estimated glomerular filtration rate (GFR) at 6 months post-donation [15] .
To advance the understanding of the demographic and clinical correlates of gout among a national sample of living kidney donors in the United States (U.S.), we examined a unique database that integrates national registry identifiers of living donors with billing claims from a private health insurer. Our primary aim was to identify post-donation gout and to investigate possible variation within donors according to demographic traits including race. We also compared gout among living kidney donors to that in age-and sex-matched, general population nondonors as one benchmark for framing the frequency of post-donation gout. Lastly, given possible associations between gout and kidney disease, we compared the rates of renal conditions among matched donors with and without gout.
Methods

Data Sources
We conducted a retrospective cohort study using linked healthcare databases in the U.S. to ascertain patient characteristics, covariate information, and outcome events. The Organ Procurement and Transplantation Network (OPTN) contains information on all donors, wait-listed patients, and transplant recipients in the U.S. The Health Resources and Services Administration (HRSA), U.S. Department of Health and Human Services provides oversight to the activities of the OPTN contractor. After approval from the Saint Louis University Institutional Review Board and HRSA, the unique OPTN identifiers for living kidney donors were linked using names and dates of birth to beneficiary identifiers from national private health insurer electronic databases. The insurer databases include information on providerreported diagnostic billing claims as well as pharmacy claims for prescription medications. Analyses were performed using Health Information Portability and Accountability Act-compliant limited datasets, with all direct identifiers removed. These databases have been used for epidemiologic and health services research including studies of living kidney donor outcomes [16] [17] [18] [19] [20] [21] . Because of the large sample size, the anonymity of the patients studied, and the nonintrusive nature of the research, a waiver of in- 
Population
We included living kidney donors who had donated between October 1987 and July 2007, and were enrolled in the insurance benefit plan at some point after donation during May 2000 to December 2007 (the period of available claims data). Persons who had not donated a kidney (non-donors) and were enrolled in the same insurance benefit plan at some point during the same time period (May 2000 to December 2007) were sampled as general population controls. All study participants were simultaneously enrolled in medical and pharmacy benefits with the insurer exclusively during the study period.
Outcomes and Covariates
The primary outcome was a composite of the first diagnostic billing claim for gout or pharmacy claim for a medication typically used to treat gout. Provider-reported gout diagnoses were identified by the corresponding International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) code (274.x). Pharmacy claims for medications typically used to treat gout included allopurinol or colchicine; febuxostat was approved by the U.S. Food and Drug Administration in 2009 and was not captured in the study data. Components of the primary outcome were also analyzed separately. To examine possible correlations of gout with renal disorders after donation, renal condition diagnoses were also extracted based on ICD-9-CM diagnostic codes (see online suppl. Appendix 1; for all online suppl. material, see www.karger.com/doi/10.1159/000381291) and included nephrolithiasis, acute kidney failure, CKD, renal failure unspecified, and other renal disorders.
Baseline demographic information ascertained for living kidney donors from the OPTN at the time of donation included age, sex, and race as reported by the transplant center. The insurance records include information on age and sex, but not race; thus, race information was not available for non-donors. Times from donation to start and end of captured insurance benefits were based on OPTN-reported donation dates and insurance enrollment records.
Statistical Analyses
Datasets were merged and analyzed with SAS (Statistical Analysis Software) version 9.3 (SAS Institute Inc., Cary, N.C., USA). In all outcome analyses, we interpreted two-tailed p values <0.05 as statistically significant.
Demographic Correlates of Gout after Living Kidney Donation Because the observation period for the insurance benefit plan inclusion varied between donors, Cox regression with censoring was used to estimate the frequency of outcomes over time and evaluate any associations (adjusted hazards ratios, aHR) with donor characteristics, specifically race. Left-censoring was applied from donation to insurance benefit plan enrollment and right-censoring was applied at the end of the insurance benefits or the end of study period (December 2007).
Comparison of Gout in Living Donors and General Non-Donors
To compare the burden of gout among the donors to a nondonor sample, donors were matched 1: 1 with general insurance beneficiaries (non-donors) by age and sex when benefits began. The maximum observation time, defined by the duration of the insurance benefit plan in each matched pair, was limited to the shortest available in the pair. We compared diagnostic billing claims and/or pharmacy fill rates in donors and matched non-donors as rate ratios, as previously described [17, 18] . Donor versus general population non-donor rate ratios were also computed after stratification by sex, and by time elapsed from donation to insurance enrollment as above or below the sample median (4.9 years). A schematic of the study design including matching of donors and non-donors, and assessment of study outcomes, is shown in online supplementary Appendix 2.
Correlations of Gout and Renal Conditions after Living Donation
Living donors with gout (as defined by the presence of a diagnostic code for gout or a pharmacy fill for a medication typically used to treat gout) were matched 1: 3 to donors without gout by age, sex, and race. We compared rates of renal condition diagnoses in the donors with and without gout as rate ratios. In such instances, the renal diagnoses could have occurred before or after the diagnosis or treatment of gout, but in all cases, both event categories occurred after kidney donation. Use of billing claims to study CKD [16] and a similar series of renal conditions in this live donor cohort have been previously described [21] .
Results
Baseline Characteristics of the Living Donor Sample
The baseline characteristics of the 4,650 living kidney donors in the study cohort have been described earlier and were similar to that of all U.S. living kidney donors registered in the OPTN in the same period [16] . Among the donors, 76.3% were Caucasian, 13.1% were African American, 8.2% were Hispanic, and 2.4% were other races (table 1). The mean age at the time of donation was 37.2 years, and 45% were men. Most living kidney donors (81.2%) were biologically related to their recipient. The median duration from donor nephrectomy to the start and end of the observed insurance eligibility were 4.9 and 7.7 years, respectively.
Demographic Correlates of Gout after Living Kidney Donation
By seven years post-donation, the cumulative incidence of a diagnostic claim for gout or a pharmacy fill for a gout medication in the donor sample was 2.5% (95% CI 1.6-2.4%). With age and sex adjustment, the seven-year incidence of gout was nearly twice as common among African American compared to Caucasian donors (4.4 vs. 2.4%; aHR 1.8; 95% CI 1.0-3.2; p = 0.04) (table 1). There was no significant difference in the primary outcome between Hispanic donors and Caucasian donors (aHR 0.60; 95% CI 0.19-1.9). The risk of a diagnosis of gout or a pharmacy fill for a gout medication rose by 5% with each increase in year of donor age (aHR 1.05; 95% CI 1.03-1.07; p < 0.0001). Post-donation gout was almost three times higher among male compared to female donors (aHR 2.80; 95% CI 1.75-4.48; p < 0.0001).
When the components of the primary outcome were examined separately, age remained a significant risk factor, with each increase in year of donor age resulting in a 6% increase in risk of a gout diagnosis (aHR 1.06; 95% CI 1.03-1.08; p < 0.0001) and a 5% increase in risk of receiving a medication for gout (aHR 1.05; 95% CI 1.02-1.08; p = 0.0006) (table 1) . Similarly, male donors were more than three times as likely as female donors to receive a gout diagnosis (aHR 3.48; 95% CI 2.07-5.88; p < 0.0001) and almost five times as likely to receive a medication for gout (aHR 4.75; 95% CI 2.37-9.52). When examined separately, there were trends toward more gout diagnoses (aHR 1.68) and the use of gout medications (aHR 1.69) among African American donors compared with Caucasian donors, although these patterns were not statistically significant.
Comparison of Gout in Living Donors and General Non-Donors
In the matched-pairs comparisons, gout occurred at a rate of 16.0 per 1,000 person-years in living kidney donors compared with a statistically similar rate of 18.6 per 1,000 person-years in the age-and sex-matched non-donors (rate ratio 0.86; 95% CI 0.66-1.13) (table 2) . When examined separately, rates of gout diagnoses and treatments also did not differ among donors compared with matched non-donors (table 2) . Specifically, a diagnosis of gout alone occurred at a rate of 13.4 per 1,000 personyears in living kidney donors compared to 15.0 per 1,000 person-years in matched non-donors (rate ratio 0.89; 95% CI 0.67-1.20). A pharmacy fill for a medication used A diagnosis of gout and/or a pharmacy fill for a gout medication was more common among men compared to women in both donors and general non-donors, such that the donor-to-control rate ratios were similar to the rate ratios among the full sample when stratified by sex. Stratifying the donor cohort by time from nephrectomy to insurance enrollment demonstrated that gout rates were significantly lower among donors compared with general non-donors in those captured before the median time to enrollment (rate ratio 0.58; 95% CI 0.38-0.88) ( fig. 1 ) . Gout rates were higher among donors captured later after nephrectomy, and statistically similar to that among non-donors (rate ratio 1.15; 95% CI 0.81-1.63). Parallel patterns of lower rates of gout diagnoses or treatment (examined separately) were observed among donors captured earlier, compared with later, after donation (table 2) .
Correlations of Gout and Renal Conditions after Living Donation
Donors with gout had more frequent post-donation renal diagnoses compared to a sample of donors without gout, matched 1: 3 by age, sex and race ( fig. 2 ). These patterns reached statistical significance for acute kidney failure (rate ratio 12.5; 95% CI 1.5-107.0), CKD (rate ratio 5.0; 95% CI 2.1-11.7), and other disorders of the kidney (rate ratio 2.3; 95% CI 1.2-4.2). Renal diagnosis rates among living kidney donors with gout did not differ significantly from that of non-donors with gout, matched 1: 3 by age and sex (online suppl. Appendix 3).
Discussion
We examined a linkage of OPTN registry data for living kidney donors with medical and pharmacy claims from a U.S. private health insurer to assess post-donation gout among living donors, explore possible within-donor demographic variation, compare gout rates among donors and general population non-donors, and examine renal condition rates among donors with and without gout. Based on this unique information source, we observed several key findings. First, within the living donor sample, African Americans had nearly twice the likelihood of post-donation gout diagnosis or treatment as Caucasians after adjustment for age and sex (4.4 vs. 2.4% at seven years). Gout was also more common among older and male donors, consistent with patterns observed in the general population [22, 23] and in a recent Canadian study of living kidney donors [12] . Second, as an explicitly defined 'general population' comparison, we found a reduced rate of gout among living donors compared to general non-donors that was limited to donors with earlier capture in relation to donation, suggesting that an initial protective effect of donor medical evaluation and selection on the risk of gout dissipates with time after donation. Third, donors with gout had a higher burden of renal conditions after donation compared to matched donors without gout.
Gout affects more than 8 million Americans and can lead to significant morbidity including decrements in physical functioning, productivity and quality of life, as well as increased healthcare utilization and costs [24] [25] [26] [27] . In 2008, gout-related emergency room costs in the U.S. were estimated to be $166 million, and increased from $128 million in 2006 [24] . The incidence and prevalence of gout are increasing and remain of particular concern in the elderly and in patients with CKD. A reduction in kidney function can lead to elevated serum uric acid levels and increased risk of gout (10-year gout incidence is estimated to be 49% for uric acid levels ≥ 9 mg/dl vs. 1% for uric acid levels <7.0 mg/dl) [1, 2, 28] .
As more than 27,000 living kidney donations occur worldwide every year, there is a growing need to understand long-term health outcomes and healthcare resource needs in the donor population [29, 30] . Whether surgically induced reduction in renal function in otherwise healthy persons contributes to similar clinical outcomes seen in patients with CKD is a topic of active debate [31, 32] . Recent studies have identified higher serum uric acid levels in living kidney donors compared to pre-donation levels [9, 10] . We recently found that living kidney donors in Ontario, Canada have increased risk of a diagnosis of gout and prescribed gout treatment compared to matched non-donors screened for baseline good health [12] . However, associations of race with post-donation gout have not been described due to lack of data (including lack of race information in the Ontario study). The current study extends our previous work by assessing within-donor racial variation in post-donation gout, the overall incidence of gout in donors compared to general population controls, and the burden of renal conditions in donors with and without gout.
An understanding of racial variation in living donor outcomes is important given previous studies in the general population showing that African Americans have a higher risk of gout compared to Caucasians [13, 14] . The higher risk of gout among African Americans may be attributable to the higher prevalence of risk factors for gout [33] , such as hyperuricemia [27, 28] , hypertension [14, 34] , diuretic use [14] , and CKD [3] . Hyperuricemia in African Americans may be due to polymorphisms in specific genomic loci [35] [36] [37] . We hypothesized that similar factors may mediate risks of gout after kidney donation. Although all donors undergo evaluation and selection for baseline good health including assessment of blood pressure and renal function, we have previously found that African American donors, compared with Caucasian donors, have a higher risk of hypertension and CKD after donation [16, 19] .
When describing health outcomes to potential living kidney donors, important perspectives include overall event frequencies after donation, within-donor comparisons across donor sub-groups such as race, comparisons of outcomes among donors vs. the general population, and when possible, comparisons of outcomes among donors vs. selected non-donors with similar baseline health (table 3) [20, 38] . Due to the rigorous evaluation that donors undergo as part of the selection process, living kidney donors are inherently healthier than the general population, contributing to superior outcomes usually seen in most studies comparing these two populations (e.g. overall survival, CKD, end-stage renal disease, diabetes) [39] [40] [41] [42] [43] . In the current study, we found a reduced rate of gout among living donors compared to general non-donors that was limited to donors captured earlier in rela- tion to donation, suggesting that a protective effect of medical screening and selection on risk of gout dissipates with time after donation. When living kidney donors were compared to non-donors selected for similar baseline health in Ontario, their risk of gout appears to be higher [12] , supporting that surgical GFR reduction is relevant to uric acid metabolism and associated clinical consequences. Framing post-donation gout rates against an age-and sex-matched general population (without medical screening) in the current study provides an additional benchmark, and shows that gout among donors within the study observation period does not exceed that of the general population. Future investigation is warranted to determine whether the attributable impact of donation on gout risk (i.e., compared to otherwise healthy persons) differs according to race and other demographic traits.
When donors with gout were compared to donors without gout, there were significant increases in the rates of post-donation renal conditions, such as acute kidney failure, CKD, and other disorders of the kidney. This question was examined with a correlational, rather than temporally restricted design, because of circularity in associations of gout and kidney dysfunction as well as the duration of available claims data. Although CKD can lead to hyperuricemia (from impaired uric acid excretion), more recently, it has been suggested that uric acid may, itself, contribute to the development and progression of CKD [4] [5] [6] [7] . Notably, a recent pilot study found that higher pre-donation serum uric acid was associated with larger GFR reductions at 6 months post-donation among women [15] . Our results suggest that living donors who develop gout also have a higher burden of renal conditions compared to donors without gout, although the mechanisms of this observation warrant additional investigation, ideally in studies including laboratory data. While we did not have sufficient sample size to examine racial variation in renal conditions among the subgroup who developed gout, higher risks of post-donation renal [20] . b Data from the current study estimating the risk of gout diagnosis based on healthcare administrative database claims or pharmacy fills for a medication used to treat gout. [16, 19, 21, 44] . Racial differences in renal risk are likely multifactorial and impacted by racial variation in the onset of comorbidities such as hypertension and diabetes after donation [16, 19] and in the distribution of genetic variants in renal risk allelles such as apolipoprotein-L1 [45, 46] . The current study also supports a need for further study of a possible contribution of gout to the risk of renal dysfunction among African American kidney donors.
There are limitations to our study. We relied on administrative data from a private insurance plan, and thus, uninsured living kidney donors are not captured. We were reassured by the similarities in baseline characteristics between our cohort and the entire donor population captured in the OPTN [16] . Pre-donation benefits were captured for only a minority of the donors (7.7%), and thus, information on pre-donation diagnoses, such as gout, was not adequate for inclusion. Due to the nature of OPTN collection of baseline donor data, we also lacked information on clinical parameters such as body mass index sufficient for inclusion (available for only 5.3% of sample), and the OPTN does not collect information on pre-donation gout history. Laboratory values, such as serum uric acid levels and post-donation serum creatinine, and information on dietary habits, alcohol intake, and over-the-counter medication use were not available in our data sources. Our outcome definition of a diagnosis of gout was based on provider-reported billing claims, rather than joint fluid aspiration for monosodium urate crystals, and may be subject to misclassification. However, patterns based on gout diagnoses and gout treatments were similar. We did not account for the number of physician visits in follow-up, although in the Canadian study adjustments for physician visits did not appreciably change the results or inferences [12] . Lastly, race information was not available for non-donors; however, since 13% of the donors in our study were African American (similar to the proportion of African Americans in the general U.S. population), African American representation is unlikely to have produced substantial overestimates of gout in the non-donors.
Despite limitations, contributions of the current study include the ability to link national donor registry data with medical billing and pharmacy fill records to follow outcomes not captured in the registry among more than 4,000 living kidney donors. Unlike the Canadian study, we were able to assess pharmacy fill claims for the entire cohort and not just for those older than 65 years who are eligible for provincial drug coverage [12] . Electronic pharmacy fill claims have been shown to be highly accurate records of physician prescribing [47, 48] . To our knowledge, this is the first study to assess racial variation in the risk of gout in living kidney donors. Demonstration of diagnosis patterns and treatment requirements of insured donors to manage comorbidities, regardless of direct impact of donation itself, supports the need for longterm post-donation follow-up and access to healthcare for all donors. Gibney et al. reported that, overall, 18% of living donors in a recent U.S. sample lacked insurance at donation, and insurance access varied demographically, such that 30-40% of young, African American male donors were uninsured [49] . Further, follow-up reporting deficiencies by U.S. centers are greater in these groups [50] . A commitment to follow-up and basic healthcare access is critical so that donors who have or develop conditions such as gout can be recognized and treated.
In conclusion, we found that donor subgroups at increased risk of gout include African Americans, older donors, and men. Donors have lower gout rates than general population non-donors early after donation but similar rates during later observation, suggesting that an initial protective effect of medical evaluation and selection on gout risk dissipates with time after donation. Donors with gout also appear to have a higher burden of post-donation renal complications after demographic adjustment. We strongly support the practice of living kidney donation, a practice that substantially benefits patients with end-stage renal disease, their support networks, and society. Better understanding of health outcomes and pharmaceutical care needs in this patient population improves the donor consent process, and guides recommendations for monitoring and management. Demonstration of comorbidities and related treatment requirements among insured donors supports the importance of long-term follow-up and healthcare access for all living donors. Given the recent evidence that donation may increase the risk of gout over that experienced by healthy non-donors, and the current findings of within-donor demographic variation in gout risk, future studies should examine whether the direct impacts of donation on the risk and consequences of gout differ according to demographic traits.
